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MODIFICATION OF NTRIC OXIDB ACIlVri'Y TO TREAT PAS-INDUCED PATHQUXIIBS 

Fidd of the lavnlion 

The present invention is directed Id methods that aie nseftii In Heating pottiological 
S conditioiis associated with abnoimalitles in Fas-induoed apoptosis. The methods uivolve 
admin iMpiing either nitric oxide donors or nitric oxide irihflHtois to patients so as to modii& Fas 
activity. 

Bftckgrouid of fhe luvoitioB 

Apoptosis, also called "piogmned cell deadi," is a process by Mddch excess, au^ 
or damaged cdls are removed fiom the body and tissues maintain homeostasis. However, 
^fsregulalion of apoptosis results in the abnonnal accumulation or destruction of cells and is 
involved in the paOmgenesis of a variety of disorders faiduding autoimmune disease, cancer and 
acquired immunodeficiency syndrome (AIDS) CTIumipson, Sdence 267:1456-1462 (1995)). 
One pathway controlling apoptosis is regulated by the cell surfiice leceptor Fas» a member of 
the tumor necrosis receptor family. Fas induces qxiptosis yAten bound by its natural ligand 
(e^qiressed predominantly on activated T cells and natural killer (NK) eells) or by an agonist 
antibody (Itoh, et al, J. Biol, Chem. 2(W:10932-10937 (1993); Trauth, et al., Scimce 
245:301-305 (1989)). Fas is expressed in die thymus. liver, heart, kidney, lymphoid and non- 
lymphoid malignancies and cell lines (Itoh. ei af.» Cell 65:233-243 (1991); Nagata, Cell 
tf&355-365 (1997)). 

Fas has been found to be impoKtanI to a number of pfa[yskdogical processes 
qxiptosis plajrs a critical role in modulating the immune response and humans deficient in Fas 
or die Fas ligand develop lymfdioprolifaative and autoimmune disorders (Drqipa. et aL . Proa 
Natl Acad, Set USA 90:10340-10344 (1993); Fisher, ei aL, C€//«/:935-946 (1995); Rieux- 
25 Laucat. et al.. Science 2^:1347-1349 (1995)). This suggests a physiological role in the 
elimination of excess and/or autoreactive lymphocytes. In addition, activated or autoreactive 
T and B cells in the periphery are eliminated via Fas-induoed apoptosis as are inflammatory 
. ceUs entering immune privil^ed sites such as the eye and testis. FinaUy.q)^^ 



10 



15 



20 



W09M34tf2 FCrAJSn/144S7 

2 

NK cells kill their largds via Fas-induced ^ptosis (Aiase, et al, X Exp. Med i«7:123$-1238 
(1995); Ju, et al, P. Roc. Natl Acad &i USA 97:4185-4189 (1994)). 

Maiiy Fas-cxpressing cells are not sensitive to Fas-induced apoptosis, suggesting tlat 
cellular fiictors exist whidi inhibit signaling. Possible mediators of activity include elevated 
Bcl*2 orBcl-xL esqiression (Rodriguez, e/iji, l Esqi Med /W:103 1-1036 (1996)); pioduction 
of soluble Fas yAnok blodcs ligand binding (Cheng, et al.. Science 1759^1762 (1994)); or 
over-expression of FAP-l, a phosphatase which binds to Fas and inhibits apoptosis (Sato, et 
aL, Science 268.AI 1-415 (1 995)). Another potential inhibitor of Pas signaling is nitric oxide 
(NO), a sinall highly reactive biological messenger synthesized by the ensgrme NO synthase 
(NOS) (Nathan, et al., Cett 7*915-918 (1994)). A greater understanding of the importance of 
Fas in specific pathological stales and of the way in which Fas activiQr can be regulated will 
help in determining Mlien, and if, a patient may be e£Fectively treated by modulating Fas 
activity. 

Snnmaiy of the Inventbin 

Altiiough nitric oxide inhibitors and donors have been used in the treatment of 
inflammatory diseases and cancer, their mechanism of action has not been understood and 
clinical nsolts have been highly variable. The present invention is based upon the discovery 
that these agents act by modulating Fas-induced apoptosis and that it is only the subset of 
patients whose mabdies are aasodated with afanormalities in Fas activity that should be treated 
by their adminiq|lEalioiL 

The invention is directed to a method of treating a patient for a pathological conditbn 
determinisd to be accompanied by an abnormaiity in Fas-indoced qioplosis by admiiustering 
an agent that dtos the cdlidar activity of nitric oxide. Fas induced qiMf^^ 
abnormal i^fangver it is greater or less than the activi^ seen in healthy hudivirf imle to a degff e 
ttuttisnstatisrtia^ 

Fas related abnormality is by staining and microscopically examining simples fiom a patient 
to see if the percentage of ceils with apoptotic morphology is significantly difiiatent fiom die 
percentage in similar samples fiom normal individuala. In cases where arelationship has been 
established t>etween a disease and abnormal Fas aethdty. merely assaying q>optotic activity to 
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detemiine if h b ahnonnally dev^ 
shcmld be treated AhmKtively, a deda 

assays fiir Fas txpnsam or assays desi yi edtDdetenninePas ligandconcentratioa or adtvily. 

In cases where a pathological condition is accompanied by abnonnally elevated Fas- 
induced qxipiDsis, a pattern is adnsimstoed a nitm 
a duration suffident to elimimit e or substaniiaHy reduce cme or mam gymptema 
the podiol ogical condition. A rebitionship has been established between abnomiBUy devated 
Fas activity and neoplastic diseases such as niafignaitt mdanom^ 

associated with abnonnally elevated Fas-indnoed apoptotic activity include AIDS, diabetes 
mdlitiis, f tnd Hadmnoto's thyroiditis. Prefened nitric oxide donor compounds for treadng such 
diseases are S^mtfoso-N-acetylpeniciUamine and sodium nitropnisside. 

In cases where a pathological condition is accompanied by abnonnally decreased Fas- 
induced apcvtosis, a patteot is admimstered a nitric oxide ^nthase inhiUtor oonqx>und at a 
dosage and fa a duration sufficient to diminaf e or sitetantially rednce one or more symptoms 
associated with the pethologicd condition. Abnormdly decreased Fas activity has been 
associatedwidi neojrfastic disease. Spedfic<Sseaseshichide colon cancer, rend ceUcaidno^ 
hqsatoceDular carcinoma, breast cancer, non-Hodgidn's lymphoma, arthritis and neffaitis. The 
prefened nitric oodde synthase inhibitor is monomediyl-L-aigmme. 

In a prefared mediod of treatmg a patient fa a Fas-related padiologicd condition, one 
or more biologicd samples (e« , saniples of tissue, blood, synovid fluid etc.) are obtdned 
fiom an individud diagnosed as having a padiologicd condition that m^ be Fas-retated and 
assayed for Pas expresdon and/or apoptotic activity. Fas expresdon can be determined from 
Undfaig assays whidi utilize mooodond antibodies to Fas or, alternatively, die peicentage 
FasFpositiveodls in asanq)le can be quantitated using tedmiqiies such as flow ^tometxy (see 
Exantples; section). Apoptotic activity can be assessed by sldnii« samples widiaeridine orange 
or some similar stam and then examining the sample microscopicdly to deteimine the 
pereeatage of cells witii apoptotic moiphology, Le. nudear and ^toplasmie ff^dftmsatimtj, 
nudear fragmentation, membrane Uebbing or qxyptotic body fonnation. The results are 
compared witii results obtained using samples from normd individuds in aider to determine 
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whether Ihe individual bang tealedliasBco^^ 

related" l»tfK>Iogieatc(mdition iscmeinixdudktliepatienthas alev^ 

jq)oplotic activity tint di£feis from that of a oomial individual to a statisticalty rfc"'^'^'" 

extent. p<O.OS. 

In its first aspect, the jndened me&od involves treating a patient for a pathological 
condition assodated widi excen Fas-indined i^optotiG activity by adminiatering a nitnc onde 
donor eotapound. Padems are seleeted fbr treatment either based on assays abowing a level of 
Fas expRission significantty greater than nonnal (p<O.OS) or. pcderafaly. based on assays 
showing significantty etevated apoptotic activity (p<0.05). The donor compound should be 
adnunisteied at a dosqge sad Sots period of time sufScient to eliminate or substantially teduce 
one or more symptoms assodated widi the pathological condition. Conditions that can be 
treated by dus mediod indude Fas-idated neoplastic disease (eg,, malignant melanoma). 
AIDS, diabetes mdlitus and Hashimoto's tiiyroiditis. In dw case of neopbsUc disease, the 
dosage of donor compound should, typicaity, be sufficient to retard abnoimd ceUular growth 
or reduce tumor mass. In die case of AIDS, donor oompound should be adnunistered at a 
dosage sufficient to inqnove die capacity of die patient for immune responsiveness. Donor 
cooqjounds tiiat have been finmd suhable for use in die mediod mdude S-nitroso-N- 
acetylpeniciUamiae and sodium nitnqxusside. Alternative mediods diat produce the same 
overall result. Lc an mcreaseuicelhdar levels ofNO, could alao be enqiloyed. Forexaraple, 
gene transfer procedures \xAdch lead to an uicrease in cdlnbur NOS could be used. 

In a Mcood aspect, die pnftned mediod invohm treating a patient for a p^ 
condition associa te d widi a hnormal Hy lowlevds of Fac-indoced apoplosb by administering a 
nitric oxide ^yndiase uhibitor oon^ound to dw patient P^ts are sd« 
eitiier based on assays showmg a levd of Fas eiqmsnon sig^uficantiy lower dian normal 
(p<0.05) or, piefeiably, based on assays showing sigouficandy reduced apoptotic acthdty 
Cp<I.OS).-Tho~NOS inhibi^shouldbradmmi^ei^ at a dosage and for a duration sufiBd^ 
to dimmate or substantialty tednoe one or more symptoms assodated with dw padiologicd 
condition. Diseases diat can be treated mdude Fas-rdated neophstic (fisease, particulariy 
lymphomas (eg:, non-Hodgldn^ lynphomaX ookm cancer, renal cdl cardnoma. hqntoodhdar 
cardiioina, breast cancer, and Pas-rdatedautohnnnnie disease such as atdnids rnephritis. In 
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the case of aiOritis and nephritl^p N08 

to reduce pam, miuoe cartilage damage, or improve Iddney fimcCioiL One compound that has 
been &und to be efikcthre in inhibitiqg Fas^induced activity is N^^monomethyl-L-arghiine. 
Other conrgxnmds can also be used, as can mediods di^ 

NOS ge^ For example, aotlsense oligonucleotides complimentaiy to a portion of die NOS 
gene may be intnduced into cells to inhibit gene expression. 

The bveniion b also directed to ameifaod of regulating caspase ^ 
administering an agent thai ahen the ceUnlar activify of nitric 

at a dosage and for a duration sufficient to significanfly alter caspase S-nitiosylation. i.e., the 
percentage of nitrosylated caspase molecules is inneased or decreased to a statistically 
significani: extent Examples of agents that can be used include nitric oxide donor compounds 
and nitric oxide synthase inhibitors. 

BrirfDcseriptiea oftfke Figum 

Figure 1: B^ressionofiNOSproteni in human leukoqrtic cell Unes: Whole cell lysoles 
v«e made fiom 5 xlO' cells derived fiom a variety ofhumanB cell, Todl or monocytic cell 
lines. A osU lysate made finom the B958 maimoset B cell line was used as a control (B9S8). 
BJAB is an EBV^egative B lymphoma cell line; 10C9 and 2F7 are AlDS-related Buildtt*s 
lynqshonaa B cell Imes; U937 is a human promonocytic cell luie; H9 is a human T lymphoma 
ceU line; and Juriott is a hunianT leukemia cell Une. iNOS expression was detected using an 
affinity purified rabbit antiserum msed against the N-tenninal 20 amino adds of the rat 
isofinm. vduch recognizes both human and rat iNOS (Kobzik, eOd^^AnkJ. Resptr. CHL M6L 
BfoIP:371-377(1993)). 

Figure 2: NOS uiUbitaFas-mdncedapoptosis in Buridtl's lymphoma oells^ Panel A: 
BJAB cells were grown m the absence (ccmlnil) or presence of die NOS ui^^ 
Fas-i«onist andbody (F); Fas-agonist antibody together widi L-NMA (FN); Fas-agonist 
antibody, L-Nh4A and L-atgtnme (FNL); or Fas-agonist antibody, L-NMA, and S-nitroso- 
penidUamine (FNS). After 24-48 hours, the percentage of cells with qxqytotic moxphology was 
determined by acridine orange staining. The results rqnesent the mean SEM of 6-24 
squurate experiments. * mdicaies pF=0.001 versus F, t huUcates pR0.03, A indicates p»0.004 
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vdsus FN, Ptod B: BJAB cdb were grow for 48 horn in the pres^ 

(oontEolX Fa»-agoniat antibody (PASX Fas-agonist antibody in combination with L-NMA (FAS 

+ L-NMA:>, or L-NMA alone (L-NMA). The cells were then stained with propidium iodine and 

analysed by flow cytomctiy. Ap uidkates the apoptotic populatioa The results axe 

representative of one of four separate eaverimeots. Ptael C: The same oqjcriment was 

peifinmed as in (A) usii« 10C9 odk The results indicate 

experiments. * indicates p-<>.001verausF.thuiicatespFK).OS, A indicates 

The reaufta were eotifirmed hy DMA hiAA^j}^ finalyiris (data not afaown). 

Figure 3: NOS inhi1>itsFas»inducedapcqytosis in multiple cdl lines of he^ 
Uneage: TlieT leukemia cdl line Jurka^ the premonocytic cell line U937, the EBV transformed 
lymphoblastoid cell line IB4, the T lymfAoiiui cell line 119 and the AIDS-rebted Buikitt*s 
lymphomfl. cell line 2F7 were grown in the presence or absence of Fas-ag(misl antibody and the 
NOS inhibitor L-NMA as described in Figure 2. Afler 24^ hours the percentage of apoptotic 
cdb was deteimmed by acridme orange staittuig. The data SEMof3-6 
separate e)q]erimenls. ♦ indicates p=0.05 (Jurkat), p-«.009 (U937), p=K).04 (184), pK),007 (H9) 
and p»0.{K>7 (2F7) versus F. Resuhs were analyzed using apaired t test. 

Figure 4: NOS inhilnts Fas-mduced apoptosis via a cGMP-uidependent mechanism: 
1 0C9 cells were grewn in the presence or absence of Fas-agonist antibody ( 1 0 n^), L-NMA 
(S niM)» 8-bromo-cGMP (O.i-1.0 mM)» Ly 83583 (10 pM) or ODQ (100 pM). After 24-48 
houra the percentage of cells with apoptotic moqAology was assessed by acriduie orange 
staining. Ihe results represent the mean 47- SEM of 2-11 sqmrate experiments. 
cOMP dkl ndt caure a statisdcally sdgnifteant decrease hi apc^^ 

or flic oombmation of Fas and L-NMA. ^ indicates pO.OOOl, A indicates p=4).0004 veisus FN; 
t indicates jf4)M% It indicates pN>.03 veisus control. 

-Figure-Sr-NOS-does not alter Fas-expresaonievel8: H9 T cel^^ 

presence (L^NMA) or absence (control) of the NOS mhibitor L-NMA (5 mM veraus 0.S mM 
L-aigininc in the medium). After 48 houis, cdls were stamed with mouse anti-human Fas 
monoclonal antibody, followed by FrrC-coqjugatBd goat anti-mouse Ig; or with secondary 
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aiiin)0<fy alone: and analysed l^ilowcytiniietiy Simflarresdts «me obtained usiag 10C9B 
cells. 

Figure 6: NOS inhibits Fa»4idttcedPARPcleave«e:Wl»lcc*Ulyaate 
S X lO* 10C9 cells grown for 2.S. 24 or 48 hours in the absence (control) or presence of Fas- 
agonist antawdy (6 ng/ml) alcHie or in combination wiA L-NMA (5 niM versus 0.5 mM L- 
aiginineiiitheniediuni). PAW and its 85 kOdeavagefiapnciitra detected by Western blot 
analy8iswingaPARp4pecificantisenim(UpstBtemotecfanol^^ Similar results were seen 
using the H9 TceU line. 

Figure 7: IdracdluarNO Preducdon Inhibits Ca^»se-3^ Activity. 10C9 cells were 
left untreated (cmtnd) or were grown for 24 hours in the presence of die NOS inhibitor L-NMA 
10 inhibit iniiacellularNO pioductioa TlieceUs were then cuhored for 1^ 
or absence of Fas agonist antibody (100 ngAnl) done CH-1 1, Upstate Biotech). Caspase-3-like 
activity in cytosdie extracts prqiared fion these edb was measured vvifo Ac>DEVD- 
uKf) as descn1)oi previously. Absoitianee of released iMA was tend at 405 nm at die 

liniesandie8uhsareexFR8sedasd)80(banoepermgofpioteia Similar results were obtained 
widiludcatedls. 

Detailed Description of Ac iBvcBtion 

Programed cdl deadi. i^oplosis, is a noiind aqiect of animd developmeat and tissue 
homeostasis. TliB process serves Id regulate cdl number, fodlitatB mofidiagaiBsi^ loi^ 
harmfol w abnonaal cells and eliminalB cdis diet have aheady peffeaned dwir function. 
Uhfoitunntdy, ahnoimal changes die fate of cdhikff apoptosis sometimes occu^ 
been assodatedwid) a number of podwlogical conditions. The present invention is concerned 
widi padiological conditions assodaled widi abnonnal levels of Fas-mduoed apoptosis and the 
treatment of such conditicns Iqr agents Mliidi sove to increase or decrease Fas-UM^^ 
in vivo. More qiecifically. it has been found that nitric oxide is a natural inhibitor of Fas- 
induced activity and diat by increasin g or decreasing die levels of niliic oxide Fas-induced 
apoptosis can be regulated. 
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Diseases associated vnAi excessive Fas-induced apoptosis, including itiAlignant 
melanonu^ AIDS, diabetes mdlitus and Hadumoto's tl^roiditis, may be treated by any method 
iwhich prcduces an increase in cellular levels of nitric oxide in vivo. Preferably* this can be 
accomplished by administering a nitric oxide donor compound to the patient Donor compounds 
5 that have been found suitable are S-nitroso-N-acetylpenicillamine and sodium nitroprusside. 
The total dosage of agent to be administeied to apatient should be at least the amount tequiied 
to reduce or eliminate symptoms associated with the disease being treated* For example^ a 
patient bdng treated for Fas-related neoplastic disease should be given sufficient compound to 
retard or reverse abiuirmal cellular growth. SimiUrly. padents with Fas-ielated AIDS should 
10 be 9 ven sufficient compound to produce an increase in fectors associated with the cqsacity of 
the patient for inmiunological responsiveness. 

Physicians may b^in tiy administering relatively small doses of agent and then adjust the 
dosage upward as it becomes dear diat the patient can tolerate tite treatment For example, a 
physicianmay begin by administBrii^ 1 nmol/kg/day and increase die dosage to 1 ^mol/kg/day, 

15 udng parameters such as blood pressure as a guide. The Gnal dosage nuv be provided in ei^ 
a single or multiple regimen with the latter being generally preferred. These are simply 
guidelines since the actual dose must be carefully selected and titrated by the attending 
physician based upon clinical fieurtors unique to each patient The optimal daily dose will be 
determined by methods known in the art and will be influenced by factors such as the age of 

20 the palieiLt, disease state, aide efifiBCts associated with the particular agent being administered 
and other ^lucally ideinnt finlors. In maiiy a 
at die time treatment wiihllie nitric oxide donor coinpou^ 
inay be continued duriiig the tinw diat flie donor agent » adnuiust^ 
particulariy advisable ui such cases to begin with low doses to detemine if adverse side dfects 

25 are eitperienced. 

Similgcmndgid^^lytD^the titt ^ 
by abnormally low levds of Fas-indnoed apoptosis. EKseases such as Fas-related lymphoma and 
Fas-relatiKl autoimmune diaease mi^ be treated by any method compatible with in vfvo 
administration resulting in decreased intracellular levels of nitric oxide. Typically, this will be 
30 accomplished through the administration of a nitric oxide synthase inhibitor such m N°- 
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inonometfayNL-aigimne. Tlie dosa^ 

esseatiany the same manner as discussed above for nitric oxide donor con^wunds. 

The pnacnt invention is not limited to any particular dosage form or nMite of 
administration. Altiiomsli ond admintstntion wiU goienlly be most oonvenient* the invention 
is compatibfe with parenteral, transdemud, sublingual, buccal or implantable routes of 
administration as wdL Agents may be given in a substantially pur^ 
part of a phamaceutical cmqiosltion containing one or moteexcipiems or flavoring agents. 
Compositions may also include othar active ingreditnts for the treatmoA of patients. Hie 
prqNualions may be solid or liquid and take any of the pharmaceutical fornis presently used m 
medicine, eg., taMets, gel capsules, granules, suppositories, transdermal conQ)ositions or 
ixyectable preparations. 

The active ingredient or ingredienb m^y be incorporated into dosage forms in coitjuncdon 
with the vehides whidi are commonly enqilayed in phannaceuticai preparations, eg. talc, gum 
arable, lactose, starch, magnesium stearate, cocoa butter, acquiesce or acm-aqueous solvents, 
oils, paraBinderivativeSi ^yools^ etc. Mediods for preparing appropriate formulations are well 
known m the art (see e.g., Remingtim'g PhamMceurical foi^nf , I6th ed., A. Oslo ed., Easton, 
PA (1980)). 

Other methods for increasmg or decreasing intnu»Uular levds of nit^^ 
be employed. For example, levds of nitric mdde may be increased in cdls by increaang the 
CKpiesslon of a hitric osdde synthase gene. Tyincally, tUs would involve constructing a vector 
contaming the gene operaUy linked to a promoter active m mammalian cells and then 
transfenring this DNA mto cells using a vehicle suitaUe for in vim deliveiy {see e.g., 
Sambiook, et aL , Motecubr Cloning: A Laboratoiy Manual, 2nd ed , CoU Spring Hbsbor Press 
(1989)). For example, (he gene may be operably linked to the CMV early promoter and 
introduced into cells by means of a recombinant retrovirus. Standard techniques for the 
production of qypropriate letroviral vectors have been described in the art (see e.g. U.S. No. 
5,532,220). A promoter and coding sequence arc said to be "operably linked* if induction of 
promotor function results in the transcription of the codmg sequence and if the nature of the 
Hnkag between the two sequences does not result in the intn)duction of a frame-sl^ 
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or interfere with the ability fregiilctfaiy sequences to direct the expression fthecodii^ 
sequence. In addition to the use of promoters, a wide iwiety of tianscripticHial and translational 
regulatory sequences can be employed in vectors. 

In cases vAere the Fas-related disease being treats 
level of Fas-induced q)optosis, vectors expressing antisense oligonucleotides that inhibit the 
csptmai of NOS may be introduced into cells. TTie antisense sequence will be found on the 
opposite strand of DNA fiom the strand transcribmg the nitric oxide synthase gene. The 
antisense sequences should gpierally be a nMaum of 1 S nucleotides 
endogenous transcripts in a numner viduch inhiUts NOS expre ssion in a highly specific manner. 
Use of andsense nucleic acid to Mock gene expression is discussed in Lichienstein, C. Nature 
333:%0UiO2(\99B). 

In order to determine the cfiEbct of treatment on disease, patients should be evaluated on 
a regular basis over an extemted period of tune* It may take several weeks for the full 
therapeulic effisct of a treatmoit to become ^parent The efifect of treatment on apoptotic 
activity can be detemiined on biological samples obtamed fifom the patient by staining the 
samples and examining them microscopically to look for morphological characteristic of 
progiamnied cellular death (see Examples secdon). By comparing the results obtamed to those 
obtained in samples fiom normal individuals, conclusions concermng the effectiveness of 
treatment can be made. In cases where samples are easily obtained, these results can be used 
as a means for complimenting odier climcal indications of disease control or progression. 

Example 1; Regulation of Fas-Indvced Apoptosb 

Tlie present example provides evidence indicating that Fas-inducod apoptosts can be 
controlled by regulating the levels of nitric oxide withm cells. It was found diat the NOS 
inUbitorN^-mononieaQd-b'aiginme^ 

effect can be reversed usfaig Oe nitric oxide doncas S-nitroso-N-acetylpenicillamine or sodium 
nitroprusside. 
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A. Materials and Methods 

Induction nf Apoptosis: 100 (d of BJAB or 10C9 oells which had been fed 1-3 days 
previously and were gvowuig U^arilbiikaUy (appmxhnately 500,000 cells/M} in RPMI 1640 
oontoiiiias 1 mML-aiginine and lOK ftlal 

lOO^lofinodifiedRm 1640GQnlainii« 10KFBS(aiBOOSdeetAi^ 

well to bring dw final L^uginine conceatrnlion to 0.5 mM. The Fas-agonist monoclonal 

antibody done CH/lUIgM (Upstate Bioteduiology) was added to q)|mqii^ 

ngAid B;aB odtuies and 5-20 ng^ fo 10C9 cuhiaefc L-NMA (5 mM versos 0 

aiginnB in the medium), L^ii^faiine (2^5 niMX or S-aitrosopeaiciUaniine (10-100 |iM) vnre 

added to the indicated WBlls.AilBr24-4Bhoiin, the percent of apoptotic 

by staining dw cells with acti(fine orange as described below. 

Ami^qfApaptosbfyAcridbwOwigeSialn^. 30 Mlofoeibfiom each cuhure were 
pdletted, and 10 III of cell duny was mixed witfi 10 |il of acridine oimge (5 |ig^I) diluted in 
phoiq>hate bu£B»d saline. The percentage of ceUs widi apoptotic moi]diology (nudear and 
cytoplasmic condensation, nuclear fragmentation, membiane blebbiug. apoptetic body 
fonnatioc;) was then analyzed on a wet mount slide usfaig a Zeiss Axiodcop equipped widi 
qtifluoiefcenoe. 

AHt^ttfApapUulsfyPrapkBimlo^StaaUng: CeUswerestamed^iKopidium 
iodine as described previously (Nicoletti, eta., J. ImmunoL Met/mis /iP271-279 (1991)). 
The peicentege of qiopiDtic odis was q nan t i tated usiug a Facscan Flow (^tometer (Becton 
DiddnsetO. Fluaiescenee date was oollecled usmg logaridunic amplilicatitm, and necrotic 
debris and cdhdaruoregates were dfanfautted Ihun dte date by fomaid and right aogte 1 
scatter gates. Apoptotic cells were distinguished from non-i«>optotic faitact cells by dieir 
deoeased DNA content as d e t e uulu ed by lower pnpidium iodme staining intensity. 

WestarnBlotAnalysb: Whole cell lyaates were made by boilmg cells m saoQile bofier 
(62.5mMTris<:i,pH6.8,2% SDS,209iglyGero], 10K2-meroaptoethano]). Protons in the ceil 
lyaates were dwn aepanted by SDS^Iyacrybunide gd (7%) dectrophoresis. and transfeired 
to nitroodhdose. Rabbit anti-iNOS (used at a 1 :S00 dilution) or rabbit anti-PARP (Upstate 
Biotechnology. 1 pgAnl) were used as primary antibodies fi>r Western blots and hoiseiadish 
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penixidas 6-lBbded goat-and-iabbh Ig ym used as a secondaiy antibody (Amershazn). The 
Mots weie devetoped using enhanced dhemilumbescence (ECN) as per the fnanubctuicr's 
instiuctions (Ameisham). 

Analysis ofFasE:gfressianI^lr.CaiBvmm^ pmeoce or absence of 2 

5 iig^ml of Fas monoclonal antibody (clooe CH-l I, IgM, Upstate Biotechnology) for 60 minutes 
at 4''Q followed by 3 ^washes in ioe odd phosphate buffered saline (PBS) containing 0.1% ibial 
bovine seium and sodium azideL The cells were then incubated with fluorescein-conjugated 
goatranti-mouse Ig (Jackson Labs) fbr 45 minutes at 4 ""C, washed 3 times and lesuspended in 
IK famudin. The percentage of Fas-positive cells was quantitated using a Facscan Flow 
10 Cytometer (Becton EMdcinson). 

B. Rcsolfa 

NOS Activity Inhibits Fas-Induced Apoptosir. To confirati that human leukocytes are 
capable of synthesizing NO (or related species) intraoellularly. iNOS expression (the NOS 
isoform expressed in murine leukoqrtes) was analyzed by Western blot analysis in multiple 

15 human leukocytic ocU lines. Basal expiession of iNOS was detected in all human B cell, T cell 
and numocytic cell lines tested (Figure 1). The eflfeets of NOS on Fas-induced qx)ptosis was 
examined in BJAB» the human B cell line which m previous studies was found to contain the 
hi^iest levels of basal NOS activiQr (5ee» Mannidc. et at. Cell 7P:1 137-1 146 (1994)). Fas was 
ligated on the safiice of BJAB cells with antt-Fas monoclonal antibody (S-10 qgAnl cl<Hie CH- 

20 1 l.igM, 1 Jpstale Biotechnology) in tfw presence or d»ence of the conqi^tive HQS inhibitor 
N^and*nQonameaiyl-L4aginine(LNMA). NOS mhibiticm significantly increased Fa»-faiduced 
apoptosis (Figures 2A and 28), sqggestb^ that constitnlive NOS activity ^ nm rn tfr n Fbst 
mediated qpoptods. 

Conlmniqg that Ac efieds of L*NMA woe due to a specific inlubition ofNOS» the NOS 
25 substrate &eiginmerortfae NO donors S^Ddtro^ (Figure 2A) and sodram- 

nitroprussido<data not shown) partially reversed the inMbition. These findings w e re le p i oduced 
m another Buikitt*s lymphoma cell line, 10C9, which is derived fiom a patient infected with 
human toununodeficiency virus type 1 (HIV-1)« Again, inhibition of NOS by I^NMA 
significantly increased Fas-induced apoptosis in 10C9 cells (Figure 2C) and the effects were 
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revened by both L-aigiiiiDe and die NO donois S-nit^ 
and sodium nitinpnisside (data not shown). 

Experinients were GonduGlBd to detemiine whether findings in human B lymphoma 
cells lines were generalized to other human oeU lines of hematopoietic lineage. L-NMA 
5 increased Fas-induoed qwptosis m the T lymphoma cdl line H9, the T leukemia cell line 
Jmkat. the promonocytic ceU line U937, the EBV+ lymphoUastoid cell line IB4. and in the 
EBV+ AlDS^dated Btniutt's lymphoma cell line 2F7 (Figure 3). Thus, intraceUular NOS 
activity magr be a general mechanism by wfaidi transfinmed celb of hematopoietic lineage 
inhilnt Fas-induced qioptosis. 

10 NOSMilbUa FagMuxdApeptosb Via A cOMP-lndependeHt Mechanbm: Significant 

inhiTwioiy effiKts of nitric oxide (NO) on ptatelets and smooth musde derive fiom 
cGMP levels due to activation of sohibie gnanylyl cyclase (Moncada, tt aL Pharmaeol Rev. 
4^:109-142 (1991); Ignano, Anau. Ktv. PhamacoL Toxicol. 30:535-560 (1990». However, 
the inhibtfny efftcts ofNO on Fas^nduced apqptosis qjpear to be oONfP.faidcpendem becaw 

IS thepeimeablecGMPanatog.8-biomo<GMP(0J-lmM)MedtoieveisetiiBinbl»1oiye£fe^ 
ofL-NMA on Pas-induced apoptodsCPigare4).AldioughtiieguaivlyI cyclase inhiWtors IH- 
[l^]oxaifiazolo[43-a]quinaxaiin-l-one (ODQ) and LY 83583 (10-100 )iM) increased 
spontaneous as well as Fas-induoed apoptosis, the medianism did not appear to be due to a 
specific inhibition of guanylyl qfdase, because the qnptosis was not leversed by 8-bromo- 

20 eOMP (0.1-1 nM) OFigure 4). 

NOS Does Not Alur Fas Eqwesslotr. One mechanism by vMch NOS could uddhit Fas- 
induced agiqptosls is by decreasing die eiqiressmn of Fas levek in odls^ 
IOCS B celb or H9 TceUs were 9Dwn intiie presence or absence of the NOS inUlMtor L-NMA 
and Fas expreaskm was andyzed by iinmunoflixirescent staining and flow ^tometry. L-NMA 
25 had no effect on Fas eiqnessimi at concentrations vdiidi increased Fas-induced qioptoas 
(Figure S}, indicating that other mechanisms are involved in the inhilntoiy effects of NOS. 



, NOS MitbUs FaS'bidueed PARP Clemage: Since NOS (fid not affixt Fas oqnession 
levdb, die steps in dw Fas signaling padi wii^ which might be mhilnted by NOS wm nu^ped. 



W 99mm PCT/U5M;144S7 

14 

Members fthecaspasefinnily of cysteiiiepratea9e8« 
I)o]y(ADP)ribosepolynierBse(PAR^ 

(1997); SGhlegel» et al, J. Biol. Ckem. 27/: 184M844 (1996)). Caspase activation can be 
momtDiel by analyzing the extent of P ARP deavage in cells. To detemine Aether caspase 
acd vation is inhiluted by NOS, 10C9 or H9 cells were grown in the presence or absence of Fas^ 
agonist antibody and L-NMA. At various time intervals, the extent of PARP cleavage was 
assessed by Western blot analysis using anti-PARP polyclonal antibody. NOS inhibition 
resulted in increased levds of Fas-induoed PARP cleavage (Figure 6), suggesting that NOS 
inhibita caspase activation. 

C. Dfacnflsion 

The resuhspresemed herein indicate that NOS inhibits Fas-induced apoptosis inhuman 
B cell* T cell and monocytic cell lines via a cOMP-independent mechanism. NOS appeats to 
inhibit Fas-induced caspase activation and PARP cleavage without altering levels of Fas 
oqpfcssion. Previous studies have shown that NO can exeit either pio* or anti-^Nsptotic effects 
which appear to be cell and stimulus specific (Albuia» ei at., J. Immunol, 757:5080-5085 
(1993);Beauvais,e/al,FfflWIea 567:229-232 (1995); Btanoo.craf.,^ J. Paihol. 146:75- 
85 (1995); Chun, et al, Endocriml i3tf:3 120-3 127 (1995); Genaio, ei al, Jl Clht Imest. 
95:1884-1890 (1995); and Mannick. cla/.. Cdl 79:\\yiA 146 (1994)). The cdhdar factors and 
taiget pniteuis which are responsible fin: the spedficity of NO*related effiects on q>optosis 
remain to be determined 

The cOMP-independent actions of NO («.g., inhiUtion of Fas-induced apoptosis in 
human leukocytes) qppear to occur tfann^ S-nitio^Iation of protems, or moduhoion of redox 
state. Bodi mechaninns may operate to inhibit Fas signaling. In addition^ NO inhibits many 
enqmes, irriuding cysteine proteases, by S-nitvosylation of active rite thiols (Stander, et at , 
Froc. Nat'lAcai So. USA A9:444-448 (1992)). The observaticm that NOS inhibits Fas-induced 
-qx»ptosi5 foay explam a previoudy descfibed assodatio^ 
MRL lpr<lpr mouse. The MRL lpi/Ii)r mousecanies a spontaneous Fas mutation vi^nch impairs 
Fas transcription (Adachi» etaL, Prac. Natl Acad ScL USA 5^0:1756-1760 (1993)). MRL 
Ipr/lpr mice develop artfiritis and nephritis, presumaibly as a result of impaired Fa^-mediated 
apoptomi of autoreactive lymidiocytes. However, other strains of mice carrying the same Fas 
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mulatioii do not develop auUmnmiiiie disease^ suggesting that nH^ijfj^al fi^tozs are involved 
in die phaiotype (Izui. e/ at , J ImntunoL 133-217-733 (1984)). Interesttngly, NOS expression 
and NO production aie incieased in MRL lpr% mice but n^^ 

devdqp axfhritis or glomendoncphritis); and the glomcndonqfliritis and arthritis can b e reduced 
in Mia Ipx/lprmioe using NOS inhibitxns(Wenibe^ 779:651^0(1994)), 
The mechanisnn by mdiichNO induced glomerulancpihritis and ardnitis hi these mice has not 
been elucidated However, fhe data presented herein raise the |)08sibi% 
may ummislc the Ipr pheno^ by mUbiting already low levels of Fas-mediated zpoptom of 
autoreactive lymphocytes. 

The failure of celk to undergo qsoptosis is a fiM^tor contribute 
some forsis of cancer (Thompson. Science 267:1456-1462) (199S)). Resistance to Fas-mediated 
apoptoris may contribute to the padiogenesis of lymfdiomas because many primaiy lymphoid 
neophums express Fas without undergomgapoptosis(K(m^ Paihfri. 145:330- 

337 (1994)). Elevated levels of NO imduction may contribute to Fas-resistanoe in some of 
thesetumoTB. In si^iportctf this hypothesis. HIV- 1 in&cted patients have 
inddenoe of non-Hodgkm's lynqihoma (Neri. eiaL, Blood 77:1092-1095) (1991)); and elevated 
levds of nitrates and nitrites (the stable end products of NO syndiesis) in flieir blood 
(Bukrinsky, etaL. J. Exp. Med /W:735-745 (1995); Evans, etal.,aifL Exp. ImmunoL P7:83- 
86 (1994); Tone, etaL,AIDS 9:979-980 (1995)). Thus, elevated NO production may inhibit 
apoptotic death of lymidioma cells in AIDS patients, and thereby contribute to 
ly mp homagcncab. NO-basedtlierqnesslKiuUbeusefidtntbe treatment of mese nudiflnancies 
and other Fas-ossoci«led diseases. 

E«mpb2; Fas^Indaeed Ciqiase DcnilroQrbtion 

Nitric oxide aiul related motecuks may mhihit appptosia through the S-nin^ffyiBtioit of 
die catalydc site cysteme of caqpase proleuis» a family of cyslei^ 

cdl death program. The present exariqde examines whedwcaspases are actuaUyS-iiitrosyl^^ 
imxaoeUulariy and ^whedier ca^mse S^utrosytationftlenitrosyiation is an integral component of 
the spoptDticpathw^. 
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Caspaae-S and caaipase-8 vine inianiiio^ 
oeU lines. Ca8pafl»-3 and ca^pase-t were effidenay immimoprecipitaied wUfa tfadr respective 
antiixxliesbutnaiwitfacantRilaiitilxKfy >riirosylationoftlieiiimiunc5J^ 
measured by photolyaa/chemilroiiiiwaceoce assi^. Approxiiiiatcly 30-120 nM of NO was 
delected and caspase-3 iiimiiino|»edpilates and 10-20 nM NO was detected inthe caspase-8 
immunoinecipitales. NO was not detected in control iBimunqpieciintates or in caspase-3 
imnronopiecipilalea yUaeh liad been pictnated with HglC^ a compotaid that selectively 
removesNOgioiqis fiomS^dtRWOtfaiol bonds. ThenCMe*^^ 

tnmnmoptedpitales qipears to be derived fiom S-NO bonds. By silver staining, the 
qipnndmate eoncentiation of caspase-S and caspase-S in the inununoprecipitates wu 
equifflolai widi the concentration (rfNOideaaed. Smce data mceU five systems indicates Oat 
caapases are S-nitioqdated at a sin^ i^steine. the lesuhs sqggest tint the ni^iity 
and caspase-8 is S-nittosylated intnceOuUiriy. 

b Older to deteimine if the Fas signaling padiway ahend die level of S^iitrosytetion^ 
caq)ase-3 was inununopncipitated from cells wfaidi had been stinndated widi Fas agonist 
antibody. 45 miantes (Jwkat) to 2 hours (10 C9) after Fas crossUnking. nitrasyhited ca^iase 
was decreased by approximately 66%. However, only a minority of caspase-3 zymogen was 
cleaved to its active sobimits at diis time point, si^gestiag that Fas activation decreased die S- 
nitrosylation of caqiase ^rmogen before it was cleaved to its active subunits. 

The declinfB in S-mtrosyiated caq«e-3 codd lesdt from eidier a deo^ 
S-ateoqflodcmiirtiereastimiilat^ To disliqguuii between Ihcse 

pomlrilities, the extent of caspase-S S-nitrogylation was analyml in cells gn>wtfa in the 
presence oftfae NO synthase inhibitor, N^-mono^ Inhibition of 

intiacdlular NO production by I^NKfA fiir2 houn deci^^ 

2S%,dtfioiighana|q3rDxnna1eS0%deacasewasnotedatlS Thus» the rs^d decline 
-m caspaa9-3 S-niti6sylation 2 houis after Ffls aedv^ 
demtro^ladon activity. 



In Older to determine if caspase S-nitrosylation is functionally coupled to intracellular 
caqtase activity, caspese-3-Uke activity was measured m ^r^^ 



Vf099iwa vcavsnnust 

17 

orabsenceofL-NMAforlSIwur.. Alfllo^gh>Wn4A Inhibited caapaseS-irim^ 
anJit)idinaiely50i>eicwt,tW«w^ 

8i«geslii«thatdeweasedSHiitro8ylatfa^ However! 

L-NMAircTCMedFas-indiiMdoMpwaclival^ 

casiMwactfvalionlikebrnxiiiiiesbo^ 

the active site cysteiiie. After loiig periods ofFas activation (gwder than or eqi^ 

L-NMA no longer inoeaaed Pas-indnced caspase activity, probably bccauac Fas alone had 

induced die denitrasylation of caqMses at these time points. 

Tl>eiwmlta8«gge8t1hatinliK»lMarNOprod«ctionBia^^ 
2yniogBnsin«ninactive,SMiitroqdatedfonnfaiiestinghm^ j^^^^^^^^ 
suggest that, upon activation of the Fas, apoptotic pathway, caspase aymogens are not only 
cleaved to their active subunitB, but are also deoitiosylated thereby fieebg the catalytic site 
cystrine. Thus, it appears that piotefaSHUtro^hition/deoitrosylalion is a legulaloi^ 
tfaeFasapoptoticpethwey. The fiaurtionofion channels, G protons, transcription fccto 
multiple enqrmes can be altered by S-ninosylation. The coooept of S-nitrosylation beiqg 
dynamically regulated and coupled to ceU swiace signals has implications Ibr other signal 
transduction cascades and cdlular control medianisms. 



AUrefaeneesdtedaiefiillyinborporBtBdIyiefeieBce. IlBvii« now fidly described 
the invwtioo. ft wHI be undeiBtood ly those of skiU in the art that the inw^ 
pertwaed wMrin a wide and equivalent laqge rfcwiditioiis. p ai a u i ei Ma. and fte itV. «iftiout 

affectiiig the spirit or scope of the iinentiam or aiy embodiment tbcnof. 
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What is Claimed Is: 



L A method of treating a patient for a pathological condition determined to be accompanied 
by an abnonnaUty in FasJnduced apoptosis, said method comprising administering to said 
patient an agent that altets the cellular activity of nitric oxide at a dosage and for a duration 
sufficient to eliminate or substantially reduce one or more symptoms associated with said 
pafhologicBl condition. 

2. TliemcdiodofGlaimUMAereinsaidpBthologicdcQnditw 

elevated Fas-induced apoptosis and said patient is administered a nitric oxide donor compound 
at a dosage and for a duration sufficient to eliminate or substantially reduce one or more 
^rmptomis associated with said pathological condition. 

3. The nusthod of daim 2, wherein said pathological condition is a Fas^elated neoplastic 
disease. 



4. The method of claim 2, wherem said pathol<«icd conditions 

consisting of: nmlignant melanoma, AIDS, diabetes mellitus, Hashfanoto*s thyroiditis, colon 
cancer, renal cell carcinoma, hqwtocdlular cardnoma, large granular lymphocytic leukemia 
andNKlyn^homa. 

5. T1iemethodofd«m2,whemn8aUmliicoxided^ 

consisting dE: S-nhn»<>-N-acetyIpenicUlamine md sodhmi nilropfusside. 

6. Tile method of clahnl,i7idierem said paAologi 

decreased Fas-Induced apoptosis and said patient is admmistered a mtric oxide synthase 

inhibitor compound at a dosage and for a duration sufficient to duninate or n 

li^l^rl^el^pt^mBs^^ 



7. The m^bod of claim 6» vAerein said patiiological condition is a Fas-related neoplastic 
disease. 
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8. T'»eineflu)dofclaim 6. wherein said ncoplastkdi^^ 

9. Tliemeiliodofdaim6.MAaemsaidpalholo8icd autoimmune 



10. The method of daim 6, vAeielB said palhoIogicalM 

consisting ofi cdloo eancer. renal odl careinoma. hepatoceUulat catcinoma. breast cancer. 



11. "n^meAodofclaim 6, v*erein said nilrieojdde synthase 
aiginine. 

12. A method of treating apatient for a Fas^elaled pathological condition, comprising: 

a) obluning a biological sample fiom an individnal diagnosed as having a 
pathologicBl comfition Oat nu^ be Faa-rebted; 

b) assqring said biotogical sample for Fas eqxessian and/or qKiptotie activity; 

c) conqMringflie results cAtmned in step b)widi results obtained using samples 
fiom namal individuals; 

d) identlQnng the individual ofstq) a) as a patient with a Fas-related pathological 
condition if the comparison of ^ b) inicates a sigmficantiy greater than nonnal 
level of Fas expression or a signiilcantiy greater than nomnd kvel of apoptotic 

; activity: 

e) "duiQUtBring a nitric oxide donor; oonqwund to 

. a dmatian sufBdett to diminate or stAstantidly reduce one or more synqNimui 
assodated with said padwlogical condttian. 

13. I1ien:«diodofdaiml2.vdier^saidpatho]Qgicdc(»dU 
disease. 



14. The method of daim 12» wherein said Fas-rdated paifaologicd condition is sdected fiom 
fliegroiy consisting ofi m d i g n n nt rndanonMuATOS. diabetes meUitus, Hashimoto's tlyr^ 
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col n cancel; renal odl carcinoma, hepatooettular carcmoina, laige granular lymphocytic 
leukemia and NK lyntphoma. 



15. The method ofcWm 12, wlweln said nilifc oxide d^^^ 

group consisting of: S-nilroso-N-«ce^penicillainine and sodium nitropnisside. 

16. A method of treating a patieat fat a Fas-idalBd pathological condition, comprising: 

a) obtaining a biological sample firnn an individual diagnosed as having a 
pathological condition fliat may be Fas-idaied; 

b) assaying sdd biological samide for Fas expression and/or apoptotic activity; 

c) comparing die results obtained in sU^ b) widi resuhs obtained using samples 
from normal individual^ 

<0 «l«idfyingtheindividittlof8iepa)asapatiemwidiaFas«latedpaiholop^ 
condilion if the comparison of step b) indicates a significantly lower than normal 
level of Pas expression or a significantly lower than nonnal level of apoptotic 
activity; 

e) admimstering a nhric Qsdde qmdiase mhilritor cnnpoand to said patient at a 

dosage and for a duration suflSeient to eliminate or snhstandally reduce one or 
more synqitoms Mtsoc i ate d with said padiolo^cal condition. 

17. Themefhodofclaun 1 6. vdwrdn said padudagiGalcamfitioii is a Pas-ielated neoplastic 

18. Themediodofclaim 17. wherem said neoplastic disease is a Fas-ielatediynqihoma. 

19. The method ofcfadml^wfaerefai said pathological condition is a FaMeiated «.rt«{mmimr 
disease. ■ 



20. TherNdiodofclaiml6kMAieiemsmdFas-ielatedpHthologicalcondid<mi88el^^ 
the groiip consisting of: colon cancer, renal edl caremoma, hepatocelhiiar carcinoma, breast 
cancer, non-Hodgkin's tynqdioma, ardiritis and neidBitis. 
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21. Tlienieflwdofclaim I6,wlierems«dnhric«uie8^^ 
argiiiine. 

22. A method of icgulatii^ easpasMuhiced apoptotic activity in a patient, comprisiiig 
adnunisteriiig to said patient an agent that alten ttie ceUular activity of nitric oxide, wiutein 

saidafMt is administwBdat adosage and fee a duration 8«fficie« to sig^ 
S-nitroaylation. 

23. TTicmcliiodofdaim22,wiieidnaalda8enti8anitrico>Ddedooorc^ 

24. Thenieliiodofdaini22.M*efdnsaidage«isanitricojddeq^^ 
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